Flagella were isolated from strains of Campylobacterjejuni belonging to different heat-labile serogroups and from a strain of Campylobacter fetus, and sodium dodecyl sulfate-polyacrylamide gel electrophoresis showed that the flagellin molecular weights (Mr) were approximately 62,000. The flagellins were cleaved by hydrolysis with cyanogen bromide, and sodium dodecyl sulfate-urea peptide gel electrophoresis showed that the C. jejuni flagellins were structurally similar, and differed from C. fetus flageUin. Immunochemical analysis by Western blotting, enzyme-linked immunosorbent assay, immune electron microscopy, and immunoprecipitation with polyclonal and monoclonal antibodies revealed the presence of both internal and surface-exposed epitopes. The internal epitopes were antigenically cross-reactive and linear, and in the case of C. jejuni flagellin were located on cyanogen bromide peptides of apparent Mr 22,400 and 11,000. Antigenically cross-reactive epitopes were also present on an Mr 43,000 cyanogen bromide peptide of C. fetus flageilin. The Mr 22,400 peptide of C. jejuni VC74 flageilin also carried closely positioned internal linear epitopes for two monoclonal antibodies. One epitope was strain specific, while the other was shared by some but not all Campylobacter flageilins. The flagella of C. jejuni VC74 also displayed both surface-exposed antigenically cross-reactive and surface-exposed serospecific epitopes. Both linear and conformational epitopes contributed to the serospecificity of C. jejuni VC74 flagella, and a linear serospecific epitope was located on a cyanogen bromide peptide of apparent Mr 4,000.
Flagella were isolated from strains of Campylobacterjejuni belonging to different heat-labile serogroups and from a strain of Campylobacter fetus, and sodium dodecyl sulfate-polyacrylamide gel electrophoresis showed that the flagellin molecular weights (Mr) were approximately 62,000. The flagellins were cleaved by hydrolysis with cyanogen bromide, and sodium dodecyl sulfate-urea peptide gel electrophoresis showed that the C. jejuni flagellins were structurally similar, and differed from C. fetus flageUin. Immunochemical analysis by Western blotting, enzyme-linked immunosorbent assay, immune electron microscopy, and immunoprecipitation with polyclonal and monoclonal antibodies revealed the presence of both internal and surface-exposed epitopes. The internal epitopes were antigenically cross-reactive and linear, and in the case of C. jejuni flagellin were located on cyanogen bromide peptides of apparent Mr 22,400 and 11,000. Antigenically cross-reactive epitopes were also present on an Mr 43,000 cyanogen bromide peptide of C. fetus flageilin. The Mr 22,400 peptide of C. jejuni VC74 flageilin also carried closely positioned internal linear epitopes for two monoclonal antibodies. One epitope was strain specific, while the other was shared by some but not all Campylobacter flageilins. The flagella of C. jejuni VC74 also displayed both surface-exposed antigenically cross-reactive and surface-exposed serospecific epitopes. Both linear and conformational epitopes contributed to the serospecificity of C. jejuni VC74 flagella, and a linear serospecific epitope was located on a cyanogen bromide peptide of apparent Mr 4,000.
Bacterial flagella are locomotory organelles. The flagellar filament is a helical polymer of a single protein subunit, flageilin, and this filament is rotated by the basal body to provide physical forces which propel the cell (16) (17) (18) . In addition flagella are important surface antigens, and in the case of enteropathogenic bacteria, there is growing evidence that they can play a role in pathogenesis (1, 3, 10, 34, 37) . Campylobacters are gram-negative spiral organisms which produce polar flagella. In recent years, much attention has been given to the thermophiic campylobacters, especially Campylobacter jejuni, because they are frequently associated with acute enteritis of humans (11, 18, 22, 27) . Colonization of the mucus lining the gastrointestinal tract appears to play a major part in the ability of C. jejuni to produce disease, and motility appears to be crucial for colonization of gastrointestinal mucus (21, 24) . The requirement of flagella for motility and hence the involvement of flagella in the pathogenesis of Campylobacter infections has therefore led to the suggestion that flagellin might be a good candidate for use as a subunit vaccine.
Because of the high incidence of Campylobacter infections considerable effort has been devoted to the development of methodology which will finely differentiate these organisms and allow outbreaks to be traced to their sources. Serological analysis of the surface antigens has proven to be the most suitable approach and has resulted in the recognition of a large number of Campylobacter serotypes (11, 20, 22, 27) . Indeed, the serotyping scheme of Lior et al. (22) which is based on heat-labile surface antigens has in excess of 53 serotypes. The surface components contributing to thermolabile serospecificity have not been identified in most of the serotypes, but Western blot analyses have shown that several Campylobacter surface and outer membrane proteins as well as the flagellar protein are immunogenic (2, 23, 35) . These studies further suggested that the flagellins of * Corresponding author. campylobacters belonging to different serotypes were antigenically cross-reactive (23) . In contrast, Wenman et al. (35) observed that loss of motility could coincide with a loss of serospecificity, suggesting that the flagella of Campylobacter species were not antigenically cross-reactive but were serospecific.
To explain this apparent contradiction, and because of the potential importance of this protein in pathogenesis, serological typing, and immunoprophylaxis, we investigated the antigenic structure of Campylobacter flagella. The antisera we used included polyclonal antiserum prepared in rabbits to intact flagella on Campylobacter cells and to purified flagellin subunits and monoclonal antibodies (MAbs) to C. jejuni flagellin, and here we report our findings.
MATERIALS AND METHODS
Bacterial strains. The bacteria used in this study were C. jejuni VC74 and VC185 (from this laboratory), VC91 (H. Lior, National Enteric Reference Centre, Ottawa, Ontario, Canada), and VC83 (formerly NCTC 11168, National Collection of Type Cultures, London, United Kingdom). All C. jejuni strains were isolated from human feces. Campylobac Rabbit antibody production. Antiserum containing antibodies to flagellar filaments was prepared by immunizing adult New Zealand White rabbits with a Formalin-killed bacterial suspension of 109 cells from a 24-h-old culture by the protocol previously described (23) . Preimmune serum was taken and used in control assays, and in no case was reactivity shown.
Antibodies to purified flagellin were also prepared in rabbits by this protocol. Flagellar protein was subjected to SDS-PAGE, and the flagellin monomers were electroblotted to NCP by the procedure outlined above. Flagellin was localized by staining a single lane of the NCP with amido black. The flagellin-containing region was then excised from the unstained portion of the NCP. This was macerated with a mortar and pestle, 1 ml of phosphate-buffered saline (pH 7.4) was added, and the suspension was mixed with an equal volume of Freund complete adjuvant. This mixture was used to immunize rabbits.
Absorption. Antibodies to heat-stable antigens were removed by twice absorbing antisera with a homologous heat-stable antigen suspension as previously described (23) . When required, antibodies to surface-exposed flagellar epitopes were similarly removed by absorbing antisera four times with a suspension containing live motile cells of the appropriate strain.
MAbs. Hybridomas secreting MAbs to C. jejuni VC74 flagellin were prepared by the procedure of Pearson et al. (26) . Briefly, a BALB/c mouse was injected intraperitoneally with an emulsion containing Freund complete adjuvant and 50 ,ug of flagellin isolated by the procedure outlined above. Three weeks later an intravenous injection containing 50 ,ug of flagellin in phosphate-buffered saline (pH 7.4) was given, and the mouse was sacrificed 3 days later. The spleen was removed, and spleen cells were fused with the nonsecreting myeloma cell line SP2/0-Agl4. Hybridomas were screened for antibodies to flagellin by radioimmunometric assay and were doubly cloned by limiting dilution. Phenotypically stable hybrids were expanded by growth in culture, and approximately 107 cells were injected intraperitoneally into BALB/c mice primed with pristane (2,6,10,14-tetramethylpentadecane; Sigma Chemical Co., St. Louis, Mo.) to induce ascites. Ascitic fluids were collected, centrifuged at 1,500 x g for 10 min, and stored in liquid nitrogen. MAbs were purified by protein A affinity chromatography and sequential elution with 0.1 M sodium citrate buffers at pH 8.0, 6.0, 5.0, 4.0, and 3.0. The class and subclass of the purified MAb was confirmed by immunodiffusion against specific rabbit antimouse immunoglobulin class and subclass antisera (Miles Laboratories, Inc., Elkhart, Ind.). When required, purified MAb was radioiodinated to a specific activity of 5 ,uCi/,ug by a modification of the Hunter and Greenwood chloramine-T procedure (13) .
Immune electron microscopy. Bacterial cells on Formvar carbon-coated grids were reacted with antisera at an appropriate dilution in a humid chamber at 37°C for 30 min. The grids were washed with saline and incubated for a further 30 min with protein A-colloidal gold (15 nm; Jannsen Pharmaceutica, Beerse, Belgium). After washing in distilled water, the cells were negatively stained with 1% (wt/vol) uranyl acetate (pH 4.2) and examined in a Zeiss model 9 electron microscope.
Indirect fluorescent antibody test. An indirect fluorescent antibody test of fixed and living cells was performed as previously described (4).
Western blotting. After electroblotting, antigenic peptides and polypeptides were detected by reaction with antisera followed by incubation with 1251-radiolabeled Staphylococcus aureus protein A by the procedures previously described (23 epitopes exposed on the surface of intact native flagella. Immune electron microscopy ( Fig. 2A) confirmed that antibodies in this antiserum bound to the surface of intact native VC74 flagella. Western blot analysis of purified flagella (Fig.  lb) showed that antiserum SML1 gave the strongest reaction with homologous VC74 flagellin and also contained antibodies which reacted with the flagellin of strains belonging to different Lior heat-labile serogroups and with C. fetus flagellin. This suggested that Campylobacter flagellin carried both serospecific and cross-reactive epitopes, and this possibility was investigated further by absorption and titration experiments. Titration of antiserum SML1 revealed two populations of antibodies, with a higher-titer population exhibiting serospecificity (Fig. lc) and a lower-titer population exhibiting cross-reactivity (Fig. lb) . Absorption of antiserum SML1 with live motile cells of VC74 resulted in a loss of the serospecific Western blot reaction, suggesting that the serospecific epitopes were surface exposed on the flagellar filament, but absorption with homologous live cells did not eliminate the cross-reactive Western blot reaction, suggesting that these cross-reactive epitopes were not surface exposed (Fig. ld and e) .
ELISA was used to quantitate the serospecific and crossreactive antibody populations. The predominant antibody population in antiserum SML1 was to surface-exposed epitopes on VC74 flagella (Fig. 3A) , as absorption with intact VC74 flagella resulted in a substantial reduction in ELISA titer. When antiserum SML1 was absorbed with flagella on cells of heterologous strain VC185 and reacted with homologous VC74 flagellin, a much smaller reduction in ELISA titer was obtained (Fig. 3A) , indicating that while the VC74 and VC185 flagella may share a number of surface-exposed cross-reactive epitopes, the large majority of surfaceexposed epitopes on VC74 flagellin were strain specific. The reduced ELISA titer obtained when antiserum SML1 was absorbed with homologous VC74 flagella and reacted with homologous VC74 flagellin (Fig. 3A) provided a measure of non-surface-exposed epitopes. An additional measure of the cross-reactivity of these epitopes was obtained by reacting the homologous VC74-absorbed and the unabsorbed SML1 antisera against heterologous C. jejuni VC18S flagellin. Absorption with homologous flagella did not affect the ability of antiserum SML1 to bind to the heterologous VC185 flagellin (Fig. 3C) . Indeed the ELISA values obtained with the absorbed antisera assayed on VC185 flagellin (Fig.  3C) were the same as those obtained when VC74 flagellin was the antigen (Fig. 3A) . The ability of the serospecific antibody population to immunoprecipitate was also determined. Reaction of antiserum SML1 with sheared homologous VC74 flagella resulted in immunoprecipitation of the homologous flagella protein (Fig. li, lane 1) . When antiserum SML1 was absorbed with live cells of the homologous strain, the ability of this antiserum to precipitate homologous VC74 flagella was lost (Fig. li, lane 2) . In contrast, absorption of antiserum SML1 with live cells of heterologous C. jejuni VC83, VC91, or VC185 (Fig. li, lanes 3 to 5) did not remove the ability of this antiserum to immunoprecipitate the homologous VC74 flagella.
The second antiserum (antiserum SML2) used to analyze the antigenic structure of Campylobacter flagellin was prepared in rabbits to putative monomeric VC74 flagellin. This immunogen was prepared by SDS-PAGE of purified flagella and electroblotting the linearized subunits to NCP. This immunization strategy was chosen to facilitate identification of non-surface-exposed regions of the flagellin mnonomer because a protein antigen prepared in this manner should have an internal structure accessible for immune recognition and so should promote polyclonal antibodies to internal epitopes. Immune electron microscopy showed that the immunization protocol had not produced antibodies to surface-exposed epitopes as no binding to native homologous flagella was observed (Fig. 2B) . However, antiserum SML2 gave a uniformly strong immunoblot reaction with the flagellin subunits of all the campylobacters tested (Fig. lf) , again indicating the presence of cross-reactive sequences among Campylobacter flagellins. This was confirmed when absorption with either homologous strain VC74 or heterologous strain VC83 had no demonstrable effect on the ability of antiserum SML2 to bind to all flagellins tested in Western blots (data not shown), and ELISA assay of VC74-absorbed antisera 2 showed only a small reduction in titer (Fig. 3D) . Predictably, reaction of antiserum SML2 with sheared homologous VC74 flagella failed to immunoprecipitate flagella protein (data not shown).
MAbs were also used to probe the structure of Campylobacter flagellin. Two MAbs, designated 39 and 440, were raised to isolated VC74 flagellin, and as was the case with polyclonal antiserum SML2, immune electron microscopy and indirect fluorescent antibody testing showed that they did not bind to intact flagella, indicating internal epitopes (data not shown). This was further illustrated by the inability of either MAb to agglutinate or inhibit the motility of live cells. MAb 39 (immunoglobulin G2a) reacted strongly with the flagellins of homologous strain VC74 and heterologous strains VC83 (Fig. lg) , VC86 and VC167 (data not shown), but did not react with the flagellins of C. jejuni VC91 and VC185, C. fetus VC78 flagellin (Fig. lg) , or with three other strains tested (data not shown). While this MAb provided evidence for the presence of primary sequence epitopes shared by some but not all Campylobacter flagellins, MAb 440 (immunoglobulin G3) provided evidence for the presence of unique primary sequence epitopes, at least for the strains examined. MAb 440 reacted only with the flagellin of homologous strain VC74 (Fig. lh) .
Analysis of CNBr fragments. The location of flagellin epitopes was next investigated by CNBr cleavage of purified protein. Coomassie blue-stained SDS-urea peptide gels of four C. jejuni flagellins cleaved by CNBr displayed very similar electrophoretic profiles (Fig. 4, lanes 1, 3, 4 , and 5) with major peptides of apparent Mr 22,400, 11,000, and 4,000, although some strain-to-strain variability was shown for the apparent Mr of the latter fragment. The peptide profile resulting from CNBr cleavage of C. fetus flagellin (Fig. 4, lanes 2 and 6) was different from those C. jejuni strains investigated with two large fragments of apparent Mr 52,000 and 43,000 and a smaller fragment of Mr 5,000. There was no cleavage of any flagellin upon incubation in formic acid alone (data not shown).
In the case of antiserum SML1, CNBr cleavage affected the antigenic reactivity of the VC74 flagellin. ELISA assay of the CNBr-cleaved protein revealed a significant reduction in titer (Fig. 3B) , indicating that the hydrolysis had significantly damaged or destroyed many epitopes recognized by antiserum SML1. Western blotting allowed the location of the remaining undamaged linear epitopes to be determined. These epitopes were antigenically cross-reactive (Fig. SA) , and they were located on the Mr 22,400 (band b) and 11;000 (band c) CNBr fragments of each of the C. jejuni flagellins tested and on the Mr 52,000 and 43,000 fragments of C. fetus flagellin (band a). Antiserum SML1 also gave a serospecific reaction with the Mr 4,000 fragment in the CNBr digest of homologous VC74 flagellin (Fig. 5A, band d, lane 1) . When antiserum SML1 was absorbed against homologous flagella on live VC74 cells and reacted with CNBr fragments of the homologous VC74 flagellin, a further reduction in the ELISA titer was shown (Fig. 3B) . In Western blot assays this absorbed antisera reacted with the Mr 22,400 and 11,000 CNBr fragments but not with the Mr 4,000 fragment of VC74 flagellin (Fig. SA, lane 6) .
The reaction of antiserum SML2 with CNBr-fragmented flagellin was also examined. ELISA assay showed that CNBr cleavage did not reduce the ability of antiserum SML2 to bind to flagellin epitopes (Fig. 3E) . In Western blots with antiserum SML2 (Fig. 5B) , only one CNBr fragment appeared to react in all C. jejuni flagellins tested. This was the Mr 11,000 fragment. In the case of C. fetus, the Mr 43,000 fragment reacted withl antiserum SML2. The same reactions were shown in Western blots with homologous absorbed antiserum SML2 (data not shown). Both MAbs were also reactive with CNBr fragments in Western blots. In the case of MAb 39, reaction was shown with the Mr 22,400 fragment of VC74 and VC83 flagellins (Fig. SD) . MAb 440 also reacted with the Mr 22,400 fragment, but only with that of the VC74 flagellin (Fig. 5C ). Competitive inhibition experiments with '25I-radiolabeled MAb 440 indicated that in the case of VC74 flagellin, the two MAb determinants were closely positioned on the Mr 22,400 fragment since MAb 39 successfully competed with 1251-radiolabeled MAb 440 ( Table 1) . The reciprocal experiment could not be performed as MAb 39 lost activity upon radiolabeling with 125I.
DISCUSSION
Immunochemical analysis with two different polyclonal antisera before and after absorption against homologous and heterologous flagella and with two MAbs in Western blot assays, ELISA, immune electron microscopy, and in immunoprecipitation assays with sheared flagella, purified flagellin, and with CNBr-fragmented flagellin provided a working model for the structure of the C. jejuni flagellum and its flagellin subunit. For the Campylobacter strains examined, the unsheathed flagellum consists of multiple copies of a single protein subunit with an apparent Mr of 62,000. The flagellin was readily purified to homogeneity by a simple procedure involving acid pH disaggregation and ultracentrifugation at acid pH.
SDS-PAGE analysis of CNBr-fragmented flagellins showed that the monomers isolated from different C. jejuni strains shared considerable structural similarity, with major cleavage peptides of apparent Mr 22,400 and 11,000. These peptides did not differ significantly in size from strain to strain. Another major CNBr cleavage peptide was of lower apparent Mr, approximately 4,000 in the case of strain VC74, although this peptide displayed minor strain-to-strain size differences. The C. fetus flagellin was structurally different, with major CNBr fragments of apparent Mr 52,000, 43,000, and 5,000. In the case of the C. jejuni flagellin, both the Mr 22,400 and 11,000 CNBr fragments displayed strain-to-strain antigenic cross-reactivity. This cross-reactivity was shown in Western blot assays, implying that both fragments carry conserved primary sequences. The Western blot reactivity of both fragments with the two VC74-absorbed polyclonal antisera also suggested that much if not all of the conserved sequence was internally located in the native flagellar ifiament. Evidence from Western blot assays also indicated that at least a portion of the conserved sequence was present on the M, 43,000 CNBr fragment obtained from C. fetus flagellin.
The specificity of MAb 440 for the Mr 22,400 CNBr peptide of VC74 flagellin, together with the reaction of MAb 39 with the Mr 22,400 fragment from some but not all strains of C. jejuni, indicated that in addition to conserved sequences, strain-to-strain amino acid sequence differences are also carried on this fragment. Moreover the reactivity of both MAbs with SDS-denatured flagellin but not with intact flagella showed that the sequences of these closely positioned epitopes on the Mr 24,000 peptide were also internal in the assembled C. jejuni flagellar filament. This was also shown to be the case for the cross-reactive sequences recognized by antiserum SML2 on the Mr 11,000 fragment. It is not surprising that conserved amino acid sequences are found in the C. jejuni flagellin molecule or that they are located in a non-surface-exposed location in the intact flagellar filament given the functional constraints imposed on this protein which is involved in cell motility. Not only must VOL. 168, 1986 on October 28, 2017 by guest http://jb.asm.org/ its structure allow it to polymerize to form a filament of the correct size and helical form, the filament must also be capable of assuming left-and right-handed helices of different dimensions depending on the direction of filament rotation (16, 18) . This unique structure-function relationship also likely explains the high degree of antigenic crossreactivity between epitopes of denatured monomeric Enterobacteriaceae flagellins reported by Ibrahim et al. (15) . Interestingly, however, the cross-reactive Enterobacteriaceae flagellin epitopes do not appear to be antigenically related to the cross-reactive Campylobacter flagellin epitopes as antiserum SML2 does not react with Enterobacteriaceae flagellins (A. Lee, S. M. Logan, and T. J. Trust, unpublished data). While this study did not map the conserved sequences on the C. jejuni flagellin monomer, recent studies with the flagellar filament proteins produced by Salmonella serotypes with different phase-1 antigens have shown absolute conservation of amino acid sequence at both the N-and C-terminal ends of the molecule (18, 30, 33) . The conservation extends to the flagellins of two other genera, Bacillus (5) and Caulobacter (8). Functional roles have therefore been suggested for the conserved ends of the flagellin molecule.
Indeed, lino (16) has suggested that the N-terminal conserved quarter of the Salmonella H-1 flagellin is essential for flagellin function, and a C-terminal site essential for function has been identified in the flagellin of Bacillus subtilis (5, 18) . Terminal conserved sequences are also found among the subunit proteins of another filamentous organelle of gramnegative bacteria, the fimbriae. For example, Pseudomonas aeruginosa PAK (28), Neisseria gonorrhoeae (12), Neisseria meningitidis (12, 25) , and Moraxella nonliquefaciens (7) fimbriae have a conserved N-terminal sequence. In the case of native P. aeruginosa PAK fimbriae this conserved sequence appears to be buried and has been suggested to be involved in interactions between subunits (32). Importantly, sequence analysis of C. jejuni flagellins shows that they also share considerable strain-to-strain homology at the Nterminal end of the molecule, and further, they also share considerable homology with the N-terminal sequences of the Salmonella, Bacillus, and Caulobacter flagellins (L. A. Harris, S. M. Logan, and T. J. Trust, unpublished data).
Immunization of rabbits with formalinized cells produced an antiserum which allowed the demonstration of epitopes exposed on the surface of native flagella filaments. ELISA of this antiserum after absorption with heterologous flagella suggested that, as is the case with Salmonella flagella (14) , a proportion of these surface-exposed epitopes were crossreactive. The immunodominant surface-exposed Campylobacter flagellin epitopes were, however, serospecific and readily demonstrated by immunoprecipitation. For VC74 flagellin both primary sequence epitopes detected in Western blots and conformational epitopes measured by ELISA and immunoprecipitation contributed to the serospecificity. Because of the differing sensitivities of the techniques used, the relative contributions of linear and conformational epitopes to the serospecificity of VC74 flagella cannot be accurately assessed. However, in at least one other thermophilic Campylobacter species, conformational epitopes on the surface of the flagella appear to be immunodominant (L. A. Harris and T. J. Trust, unpublished data). Conformational epitopes also play a major role in the serospecificity of Salmonella flagella (14, 15) .
Unfortunately, CNBr hydrolysis produced extensive damage to both the linear and conformational serospecific epitopes, and we were unable to localize the conformational epitopes on the flagellin molecule. However, Western blotting provided evidence that the Mr 4,000 CNBr fragment carried linear epitopes and contributed to the serospecificity of VC74 flagella. This fragment did not react with antiserum which had been absorbed with live cells of the homologous strain, indicating that it was exposed on the surface of the native flagellar filament. Determination of the position of this fragment in the flagellin molecule will necessitate amino acid and nucleotide sequence analysis, but in the case of Salmonella species the central area of the molecule appears to be the antigenically variable region (16, 36) . Joys (17) has shown that a determinant involved in the i H-antigen is located in the region of highest sequence diversity, between residues 181 and 299 of the 493-residue Salmonella flagellin molecule (33) .
The structure of C. jejuni flagellin which is indicated from this immunochemical analysis is one with only minor strainto-strain differences in subunit Mr in a molecule containing much strain-to-strain structural conservation. This structural conservation was indicated by the similarity of CNBr peptide profiles, and by the presence of antigenically crossreactive linear sequences, and has also been observed by protease cleavage and N-terminal sequence analyses (Harris, Logan, and Trust, unpublished data). The cross-reactive epitopes are buried in the native flagellar filament and are located on Mr 22,400 and Mr 11,000 CNBr cleavage peptides. The Mr 22,400 peptide can also contain strain-specific sequences and sequences shared by some but not all strains of C. jejuni, and these sequences are also buried in the native flagellum. The surface of the native C. jejuni flagellar ifiament has both cross-reactive epitopes and serospecific epitopes. Both conformational and linear epitopes can participate in the serospecificity of C. jejuni flagella, and in one strain a surface-exposed serospecific sequence is located on an Mr 4,000 CNBr peptide. 
